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(71) Wei Redifon Limited, a British 
Company, of Carlton House, Lower Regent 
Street, London, S.W.I., do hereby declaire 
(the invention, for which we pray that a 
5 patent may be granted to us, and the 
method by which it is to be performed, 
to be particularly described in and by the 
following statement:— 
• This invention (relates to visual display 

10 apparatus and .particularly to infinity visual 
display apparatus for ground-based vehicle 
simulators. 

Ground-based vehicle simulators are used 
<to simulate (the actual motion of a vehicle 

15 or craft, for the exercise of trainee crews, 
vrithout use of an actual vehicle or craft 
The present invention will be described in 
relation to aircraft flight simulation appar- 
atus, but the invention may be applied also 

20 to simulators for other vehicles and gener- 
ally to appairatus for Emulating a real-life 
scene. 

An aircraft simulator includes a dummy 
flight deck which as 'occupied by (the 

25 trainee arew during an exercise. Commonly, 
the dummy flight deck is moved by a 
motion system, to reproduce the acceler- 
ations of an aircraft in flight It is also pro- 
vided with a visual display, simulating a 

30 view of itheterrain over which ithe simulated 
flight is taking place, which is visible to 
tije pilot and co-pilot through (the dummy 
fligjit deck windows. The present invention 
is concerned with such visual display. 

35 It is known to rase a scale model of terrain 
over which the akcraft is to fly and to 
provide * a visual display cm a projection 
screen in front of the flight dec* windows 

^ by means of closed circuit television appar- 

40 atus having a camera which views ithe 
model and one or moire projectors to pro- 
duce an image, which may be in natural 
coloums, on the projection screen. 
The object of the present invention is 

45 to provide impro ved apparatus for provid- 



ing such visual displays which overcomes 
certain limitations of die known apparatus 
described above. 

With the known visual display apparatus 
described, the projection screen is situated 50 
typically same eight feet from the pilots, 
whereas in actual flight the scene viewed 
is in (the far distance. This limitation means 
that in viewing the screen the accom- 
modation and convergence of ithe eyes of 55 
the pilots is incorrect and the parallax 
between ithe window bans and <the distant 
scene 'with head movement is not as it 
appears in- reality. 

!Pmr£hermore, when it is desired to present 60 
the visual display to both pilot and co- 
pilot seated side by side, known practice 
is to position the projector over the head 
of die pilot, who is flying the simjukted air- 
craft, so . that his view- is laterally <undis- 65 
torted, and to accept as unavoidable the 
lateral <hstoction seen by the co-pilot due 
to his viewing the screen at an horizontal 
angle to the projection: axis. 

Since <hereis a vertical angular separation 70 
between both pilofs and co-pilot's eyes and 
the projection axis, vertical keystone dis- 
tortion and vertical non-linearity of the 
image is present far both, although in 
practice this is not so serious as the lateral 80 
distortion seen by the co-pilot. 

Accordingly, /the present invention pro- 
vides visual display apparatus comprising 
a concave minor positioned for viewing by 
a subject, a projection screen positioned 85 
substantially at the focal surface of the 
concave inirror, and an optical projector 
positioned (to project a visual scene onto 
she .projection screen, and the projection - . 
screen and the optical projector being 90 
tother positioned so that a line from the 
centre of the minror to the point of inter- 
section of the projector axis with the pro- 
jection screen is oblique to the projector 
axis, whereby a collimated visual display 95 



loff^wltS^^ 111 ^^ Visadiagramshowinganaltenialive 

&Tb . <h atfi r a twss"- ? 21 fonn 01 *■ ™« <* 75 

£Tr,a^f Sta ^ all /!S a 5 Ianethl0,, 8 11 ^ forward direction ffl Ke^ow 

Sdr^ffSSLf^^ ^ *T* ffight F ' to01 * windows oflhe deck 
deck, and vertical with respect thereto, the For simplicity, the stamta^rffk. K 

£T f fi S of s ? hetDki *** substen- deck is aot & £Sl and 2^52 

bally at 4h e mid point of the volume of -that the Ail* da* w£dk» i'JST 85 

space from which the image is to be viewed, broken line 13 Kg? ^ m 
and the tipper focus of the spheroid being Further in Fl« \ -Ja o a- • t 

25 £T„A «W «j* 80 **2 a teS^^g?pi^*Ta2c2aS 

£"££5 SPhaHMdal ndnW 13 ° bUqUC t0 P^on screen^ SexaTpSacS 90 

ThT^L^ projection screen with curved surfaces The 

J^^ 1CCAor ma ? a closed-circuit projector 3 is connected to atefcvisiS 

SST^T? 86 IW^.^e said image camera 8 which is jXSd fc TvSr^ 

30 ™ L- n P"*™ 1 * 1 «a*S a non-linear model 9 of the terrain^ Which JSL 

30 naming raster, to compensate for file dis- lated flight is £ terSdT^ 

tortwn mherent m the projector-screen- Optional additional projectors 4 and 5 95 

Z^LiT*** ^ ^ distortion due to are indicated. represenK^case ^hel 

35 f?"£Sk screen may have solely ST™ * * ^ ^ * natoaI _ 

^«S^ralTM A^CSiTSfi* 1 * 

SiLT^L However '. ^ Projection The projection path from protector 3 to 1rte 

stmcted with a refracting structure, which 10-10. The viewed tea ofarim^ ; 

deflects the incident light so that the light-scattering X™c^ c ^ ^foJ?f J 

emergent cone of rays is directed obliquely Sor e ^SSd^SS 

45 of . «"> screen and wholly towards the said torn a smgte elemeS Sa of^S 1 

minor and, after reflection therefrom, into are repre^S atll ?l Z> ^ 110 

^ dummy flight deck towards the'pTt 6J ^SS^Jt^jSlS^ 

50 J^^S 8 * ^invention may be oeadily are XteTbyX'nSfl 

50 earned into practice, one mbodiment by the return ravs 12 tr 

hereof wdl now be described in drtXby coffimatedinrage whiciis viewSTV 115 

side elevation vtew of the ^SSSt^^fS^'V' 
material; «rn,- 

. Fig 4A is a snnilar cross-section show- S.^fidsSTB 3^6 to 

ing an improved back-projection screen above the KdToTS aiW 

65 material of prismatic form; and examol* LTo^T^ m 

example on a superstructure above the 130 



dummy flight deck, and enables the mirror the centre of mirror 7 with the centre of 

7 to be located with its centre on the hod- screen 6, and the line 10' representing the 

zpntal line esstending forwards from between continuation beyond the screen 6 of the 

the pilot and co<mlot, as indicated by the projector axis 10 

5 arrow F in the two figures. Using this prismatic form of screen 70 

Referring, now. to Figs. 3 and 4. there material, the angle a of the emerasnt cone 

™^™L ■ , and light of rays, although it must still cover bath 

scattering characteristics of back projection pilot and co-pilot 1. 2, may be much 

10 SC ^lS!^w f 1 ^ 16 2* J* ^ 6 - ^^compaied with the screen material 

Referring tot to Fjg. 3, there is shown of Fig. 3. thus giving a brighter image 75 

a known oack-projecfaon screen material A farther alternative screen material is 

having a strongly diffusing characteristic of the form shown in Fia 5 In /*£ 5 

^Jl^^ emei8 S t "Sht ^te^ty « are shown three incident rays torn 

15 T^ i^"f « *" rays - Vro]cdor 3 upon top. centre and bottom 

iJEw ™ ^ 3 ' * 10 , re P reSents 30 ekm^Bl areas A. B and C respectively of 80 

Tf^jy<?°I? BK ^ otor 3> ^e^ergent screen 6. For each element, *he extension 

3 *? f 11 ® 18 * over a cone 10"'- 10"'. of line 10 is shown at IV and the refracted 

with maximum mtensrfy m the direction of median ray of the emergent cone of raw 

20 11 in'r^ * k f 00 ^ *» mdd6nt k siowo at iff" llfrK U? for X 

20 any io La the example of Fig. 3. ray 10 is three areas A, B and C, respective^ 85 

normal to the screen rear face and the The oblique' line lib fromarea B sub- 

emwgent cone progressively diminishes in tends the angle tf, with the co^oondkc 

kght intonsjty &om the axial ray 10' to line 10- aadthis corre^wnds to^Kfff 

25 mtermediate intensity. A of the screen 6 is greater than A and the on 

As shown in Fig 2. the mirror 7 lies angle 0 a from the botaC oftiie scree?6 90 

below the projector axis. The material of is less than K Screen 6 

jrf t s ? re £ a , 6 fflust he stamgly diffusing so The values of the angles 9 over the entire 

™ SfWv. leavmg ^ of thTsSeen area of screen 6 3JS SmtiS 

30 ^esthe appropriate point of the mirror pr^ectar^aeen-minro? gSSS. iK rS qs 

ow^ft * CQBunated ima » to *» *** obtaff by grSL£ 95 



^:V l . AW ™ Q line arvergent cose of sMldng mirror 7 define!^ ^dS cane 

^alternative screen, constiuotion, giving fif? fSfflSl^^Tj'ff £ 105 

K2£^%!^ toto ^™ observers 1. 2 franf aT^ tfmSo?? 

£J£ku W*"* P f Projected light as shown in Fig 5 by raysl2 

ISf^^AfT 1 m Fifi5 - 4A and 4B. . The television^ profector 3. or ail wo- 

45 SfeJ ?2 4A / how a small detail portion J«*n* 3. 4 and 5 as the case may be. lin 

IS Sand curvature is not shown, for special optical and eK c Z«™ 110 

iunpucuy. few use in the system of Figs. 1 and2 

Tbe screen material there shown has its . A television .projector far normal view- 

< n J* face directed to the *ng provides a rectangular imase on « flat 

50 eight m fig. 4 A and towards the projector screen. Such a pojeotor mayoomorL a ii< 

3 in Fig. 2, made up of very narrow hori- high-intensity screen cathode rayS Lid 

zontal pnsm stops extending across the a Schmidt optical system having f aom£e 

entire width of the screen 6. rninror and a shaped. refraS ccSSS! 

55 V^^T ^ ^ 10 is shown, in Plate of. e.g glass.ir'cStinfalSns 3 

55 Fig 4A. as for the screen material of Fig The radius of curvature of ScaSeS 120 

' ^ is normany one half ithat of the 

In Fig. 4A however, rthe cone of concave mirror, 
emergent rays is not disposed about the The projector 3 of (he apparatus of Has' 

bn * 1(y »? oa* about a Ike 11, dis- 1 and 5 has a number of feaWes epeeffie 

40 posed obhquely to ithe line IO' at an angle to its present use. ™ ey*am. 

6. The cone of emergent rays is bounded In order to allow a shorter projection 

by the rays 11. subtending an angle «. throw and to give a curved focalptone'to 

The angle \ corresponos approximately the image produced' by the Schmidt optical 

to the angle . « shown in Fig 2, which is system of the television oroiector 3 alter- 

<5 the angle subtended iby tte line 11. joinmg ation is required in the radius of curvatore 130 



some 10% the figuring of the correction a single correction of shape only is 

plate and the spacing of the optical elements necessary, if substantially perfect image 

of the projector. Thus, the radius of geometry is to be obtained. If no correction 

curvature of the mirror is increased by is applied, some distortion will occur, but 

* some 10%. the figuring of the coirestion this may be tolerated in some practical 70 

plate is decreased by about 30% and the cases. 

spacing between -the cathode ray tube face- Further, if substantially perfect image 

plate and mirror and the cathode ray tube geometry is required and if raster shaping 

faceplate and corrector plate is increased is difficult to achieve with a particular type 

about 10%. of projector, optical correction provides an 75 

The scanning raster of the caithode tray alternative method. 



tube, or alternatively of the associated Optical distortion of the required forms 

camera tube is made non-linear in order to may be produced by 'the use of tilted lenses 

15 introduce barrel distortion, keystone dis- tilted and curved mirrors, refracting wedges' 

^ tortion and vertical non-linearity of the or prisms, or by combinations of these com- 80 

image on the cathode ray tube. . ponents. The position of the projector with 

This distortion of the primacy image pro- respect to the screen may be adjusted to 

jected onto the back projection screen is alter the relative amounts of the different 

required to compensate for distortions pro- distortions to be corrected. Thus an ut> 

duced by the mirror and screen configur- ward shift of the projector introduces 85 

ation. curvature of horizontal lines and increases 

For the particular geometry of any the keystone distortion necessary to be 

practical system, it is possible to define the corrected A shift of the projector inwardly 

compensating distortion required in the tube towards the screen reduces, and may even 

25 image by computing (the path of rays over-correct, the barrel distortion necessarv 90 

J&rough the system for the whole image to *>© corrected. 

area. In this my, virtually all distortion in Anamorphic optical systems are wefl- 

the system is corrected in the collimated blown in which a tilted prism is used to 

30 seen by the pilots, give anamorphic distortion of an image. 

When the additional projectors 4 and 5 Similar systems can also give non-linearitv 95 

are also used, raster distortion is acquired m *° vertical direction and correct hon- 

for all projectors and the raster distortion 2<>ntal Kne curvature as may be required 

for projectors 4 and 5 is different from Keystone distortion may be avoided at the 

that of projector 3, but symmetrical and expense of introducing horizontal line 

- reversed from each other, assuming as curvature, by shifting the proiector 3 down- inn 

equal-spaced location eadh side of projector wairdlv and the horizon-may then be 

3. The outer projectors require horizontal straightened by means of the prism A 

keystone distortion also, to provide images Projector used in this way may have a 

wbich are greater in vertical extension at ™all enough exit pupil for the depth of 

^"fe than at the outside, and vertical focus . to be sufficient for the image to m< 

line curvatures corresoondmc to th* «nrtmri remain in focus over *t>a 



sue msiae inan at tne outside, and vertical locus . «> oe sufficient for the image to 

lime curvatures corresponding to the curved remain in focus over the screen Which is 

sc ™ en 6 - . - , *« at an angle to the nonnal to the pro- 

It may here be noted that electron lens J eotor axis. Alternatively, a tilted moiectar 

means are well-known fox correcting inherent J*"* must be used for the whole maaeeto 

« image distortion in television camera or «* tocussed. 6 1Jf) 

receiver tubes, consistent wife the customaiy Alternatively, a pair of tilted lenses one 

use of linear raster scanning. Thus, when "positive and one negative, with an air 
beam deflection is non-linear, pin-cushion between them, may be used to mo- 

«i ° r ^f 61 -* stoI t 10 ^ <rcsults. The raster Y 1 ^ the required optical correction 

wraectum which it is necessary to provide To make the optical system of Has 1 115 

for the projectors 3, 4 and 5 may take ^d 2 more compact, one or more minors 

advantage of such inherent distortion in the ma y be interposed in the projector liaht 

camera tube, cathode ray tube combination, beam between the projector 3 and T 

Tune bases for the generation of non- a**? <>• One such arrangement is shown 

55 linear scanning waveforms are well-known » Fig. 6. The interposed adnata nSbe" 120 

and such known circuit arrangements are ?bgb% curved, for the purpose of wovidt 

suitable for camying out the present tng the optical correction referred to above 

""aSSSL-i * . : .' and so provide an alternative to prisms or 

<50 . ^^"f 7 ** may l» dedred to use minors attached to the proiector. Such an 

television projector 3 in which aoangement is shown in Fig 7. Bundles of 125 

the light which is. projected to fonn the Parallel rays viewed by the i*m I i 

coloured image on the screen 6 all emerges as reflected from different parts of minor 

ftom a single «at pupa. The necessity for 7 - are shown as in Fig. 5. 



reference numerals. A colour television sheet with a standard back projection 

' projector 13 produces- an image on or near screen material, in this case having a gain 

a tilted concave minor 14, which itself around unity do prevent obvious hot spot 

images the exit pupil of (the projector lens and colour Shading effects and also to throw 

5 onto an auxiliary projection lens 15. This as much light as possible, using conventional 70 

lens 15 produces the required distorted screen material, down into the minor 7 in 

image on the back projection screen 6 by the direction of the observers, 
way of a flat folding mirror 16. The screen 6 is rigidly supported by a 

To obtain the optimum balance between framework around its perimeter which is 

10 the different foams of distortion required, fixed to a base frame allowing the screen 6 75 

the mirror 14 may be of a type consisting to be located accurately with respect to the 

of a lens with silvered back surface, and collimating mirror 7. 
may have toric rather than spherical sur- The collimating mirror 7 of (the visual 

faces. The lens 15 may be tilted slightly for display arrangement of Figs. 1 and 2 has 

15 optimum results. a special concave shape which foams pant 80 

. In the -arrangement of Fig. 6, the pro- of the surface ofla spheroid, or ellipse of 

jection axis is a continuation of the line 11 rotatioa This desigi is required to present 

joining tiie centre of ithe mirror 7 to the a correct geometry- picture with tolerable 

centre .of the screen 6 and- so tile screen optical distortion to the two, or more, 

zu 6 need not have a. special light deflecting observers 1, 2, situated off the optical axis 85 

- structure, bat must have light diffusing in both the vertical and horizontal planes, 
properties sufficient to spread out the trans- Th e specially shaped mirror 7 may be 

mitted light so that a i^ooirdy-illfuminated constructed by. vacuum-forming an optically 

collirnated image is perceived by both pilot selected, cast acrylic sheet using specially 

25 and co-pilot \ * shaped epoxy resin forming tools. 90 

In Fig. 7, similar elements to those of Figs. The required ■• mirror finish is obtained 

r, 2 and 6 are indicated by the same refer- by vacuum coating the concave side of the 

ence. numerals. A colour television projector vacuum-formed, acrylic sheet with alu- 

13 projects an image onto a back-projection ininium, thus providing a front-surface 

30 screen, 6 by. way of a first minor 16, which coated minor. Protection of the mirror sur- 95 

has a flat reflecting surface, and by way of face can be obtained by vacuum evaporat- 

a second minor 17, which has a curved ing silicon monoxide or magnesium fluoride 

reflecting, surface shaped for the purpose of ov er the aluminium, although a semi- 

coffrecting optical distortion in the image, protective natural oxide build-up occurs «n 

35 In the amangement of ; Fig. 7, the screen the aluminium surface -when it. is exposed 100 

. 6 is ^iown with the diffusing and deflecting to air after vacuum coating. To prevent dust 

- properties of the screen 6 described with build-up on jthe mirror^ due to any static 

reference to Fi& 5. attraction, a banket of ionised air can be 

The mirror 7 occupies the position of the wown across theJsujrface when the mirror 

40 mirror 7 of the arrangement of Fig. 2 and k m use* 105 
the apparatus is disposed -generally -in a - The miliar is totally supported by 
similar manner to that shown in Fig. 2, yearns of an epoxy and glass fibre rein- 
above the heads of the pilot and co-pilot 1 forced plastic backing, which is built up 

« T* 2, ,it - £^ the conduction tooling usedtomanu- 

45 it will be appreciated that if theprojector »ctae the vacuumnforming tods. Ih this 110 

3 is a cmematograph film projector, in way- continuity of shape is preserved, 

place of the television projector of the &™% ^ acrylic mirror the intimate and 

embodiment of Figs. 1 and 2, the optical tCf ^ support required: The whole structure 

forms of correction described would be. mirror jplus backing, is rigidly supported 

5tt.used. " . .. . - to T a *»se frame by metal structures 115 

:L .P? shape of the screen 6 is spherical; ■ ^Bl be .understood -that the dummv 
with a radius of curvature selected to give - de ck is mounted on a platform 5r v 

the best compromise for minimal electronic wlu °h w imparted the accelerations char. 



jl- • vuiuidwnujae xw muuimai electronic nmwi Ja iuij^wiea <cne accelerations char- 
redesign- of the cathode ray tube scan acteristic of actual flight and, since the 
55 ^rcuits with ease of manufacture and yet ™jl display is operative during simulated 19/) 
stdlaHow a shape which matches, as closely * is necessary in practice to move 
as possible, the focal surface of the collimat- ^ entire optical system with the flieht 
ing minor. The shape anived at in the deck - " 
example of Figs. 1 and 2 is a section of a ^ ' tt e projector 3, screen 6 and mirror 7 
60 sphere of about 8 feet radius of curvature, described are thus all securely mounted for 125 
which has linear dimensions of 5 feet high movement with such a flight deck motion 
by just over 6 feet wide. " system. 

The screen is conveniently constructed by 
blow moulding a clear, cast acrylic sheet to WHAT WE CLAIM IS:— 
65 shape and then chemically coating this 1- Visual display apparatus comprising 130 



a concave mirror positioned for viewing by the television image due to the projector 

a subject a projection screen positioned screen and mirror optical system is com- 50 

substantially at the focal surface of the pensated by the use of a non-linear scan- 

concave mirror, and an optical projector ning raster. 

5 positioned to project a visual scene onto 6. Visual display apparatus as chimed 

the projection screen, and the projection in Claim 4. in which optical distortion of 

S, f^ff,, °P b !*L txajS the Revision image due to the projector 55 

further positioned so that a line from the screen and mirror system is compensated 

in °L% mm ? r J° P 0 ^ of inter- by the use of image distorting meanTcom- 

" ^T 00 && projector axis with the pro- prising one or more lenses and/or refract- 

jection screen is oblique to the projector ing wedges aid/or curved mirrors kter- 

ams, wnereby a colhmated visual display posed between the optical nroiector and 60 

of the scene can be viewed in the imrror the projection screen. 

k% toK' ,„ , . .7. Visual display apparatus as claimed 

in O^ff ^S$ PaiatUS - M , < $ m i ed °? e of Pwcedmg claims, in which. 

£, fl!S£ • , g B>vldm S a ^Pky the projection screen is a rear-projection 

f^XiJfT^V^P 81 ^ oompnsing screen having bom deflecting and diffusing 65 

a windowed dummy flight deck for housing BghMramanitting characteristics vAereto 

20 IT^ 1 * 101 ■ ^5 ia which the an incident light rayfrom £ projS 

20 said . concave mirror is dimensioned and produces an emergent cone of ravs the 

positioned for viewing by both trainee pilot axial ray of which !one £ directed htowaro? 

and co-mtot through the flight deck the said mirror obliquely wfflhres^to 70 

windows in a substantially horizontal the screen. 4 y respect 10 70 

o« JSiSS^f^^y ^the flight deck hori- . 8. Visual display apparatus as claimed 

^f 1 ! ae P^iector is posi- in Claim 7. in wfiich the reax-prSection 
T^k^S&J?* 04 screen has its face dim^owardTSe 

kaan^m^^h 5 ^^ K Fojector made up of prism strips 75 

r„^? 7: ^ wh ^T the said concave mirror extending across the width of the screen 

, n ^substantially spheroidal in shape, and is 9. V&ial display aSrate ai^SLed 

30 positioned with to axis lying substantially in Claim 7. in vS tiiVangToftheS 

m a plane through fte longitudinal axis of strips varies progressively from toTro 

5tir^ y 5*** vertical with bottom of the Xn. ^ 80 

respect ttereto, the lower focus of the 10. Visual display apnaratus as claimed 

35 2£?3 ^, sub *^y ^ the mid in Claim 1, in ^S?fiS3 toelScal 

*hTL* Lft ^T* J 0 " 1 which Rector is redirected by ■refl^don T Tt 

Sl^f 2L to ¥ the upper least one mirror surface. 

***f of ti» spheroid being above the 11. Visual display apparatus as claimed 85 

sSSKi^ ^ * e axis of the in Claim 1. ^trncted^a^^as 

spheroidal mirror is obhque to the verticaL described herein with reference toFfcs 1 

40 . 4. Visual display apparatus as claimed 2 and 3, Egs. 1, 2, 4A and 4B Fiflsl 2 

many one of Churns 1 to 3. in which ithe and 5 or Fig 6 of the accommnvitia 

optical projector is a closed-circuit tele- drawings. v^y^e, 
vision nnage projector provided with a 

television signal from a television camera SWANN, ELT & COMPANY 

45 positioned to view a model, thereby to Chartered Patent Aitents ' 

provide the viewed visual scene. ' 

5. Visual display apparatus as claimed 31 Beaumont Street, 

m Claim 4, in which optical distortion of Oxford. 
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